Introduction
[2] The dynamics of the plasmapause has been extensively studied since the earliest theoretical work explained plasmapause motion in terms of the interplay between the convection electric field and the corotation electric field [e.g., Nishida, 1966; Lemaire and Gringauz, 1998 ]. Therefore one can use the position of the plasmapause as a function of geomagnetic activity as an indication of the depth of penetration and strength of the convection electric field [e.g., Chen et al., 1975] . A variety of statistical studies have looked at the relationship between geomagnetic indices (usually some form of average or maximum Kp in some preceding interval) and the plasmapause position using both whistlers and in situ observations [e.g., Carpenter and Anderson, 1992; Moldwin et al., 2002; O'Brien and Moldwin, 2003] . In general, these studies found a linear relationship between the plasmapause position as a function of L shell and geomagnetic activity, with the plasmapause located at small radial distances for high levels of activity. The scatter in this trend is significant, and recent studies emphasize the variability of the location of the plasmapause for any given activity level, particularly for low levels of geomagnetic activity.
[3] Other studies examined the dynamics of the plasmapause in response to geomagnetic storms [e.g., Elphic et al., 1996; Lambour et al., 1997] . The studies found systematic behavior of the plasmapause with the radial diameter of the plasmasphere shrinking and the creation of a duskside plasmaspheric plume or bulge that rotated towards noon [e.g., Maynard and Grebowsky, 1977; Carpenter et al., 1993] . These studies were generally limited in either the number of storm intervals that could be studied [e.g., Spasojevic et al., 2003] or were from the geosynchronous perspective [e.g., Moldwin et al., 1994; Elphic et al., 1996; Lambour et al., 1997] , which more generally describes plume dynamics following storms. The results from these and earlier observational studies were supported by several dynamic modeling studies [e.g., Grebowsky, 1970; Kurita and Hayakawa, 1985] . These studies predicted the formation of duskside plumes in response to the enhanced convection during storms.
[4] This study takes advantage of the Combined Release and Radiation Effects Satellite (CRRES) plasma wave receiver database of plasmapause locations developed by Moldwin et al. [2002] . The plasmapause was identified as the inner most steep density gradient observed on both the inbound and outbound passes of the geosynchronous transfer orbit CRRES satellite. Over 900 plasmapause locations were identified and, more importantly for this study, 22 storms with Dst less than À30 nT occurred during the CRRES mission lifetime that had clear identifiable plasma-JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 108, NO. A11, 1399 , doi:10.1029 /2003JA010187, 2003 Copyright 2003 by the American Geophysical Union. 0148-0227/03/2003JA010187$09.00 pauses over several orbits around the onset of the storm sudden commencement (SSC). A superposed epoch study of the dynamics of the plasmapause in response to storms is performed with this database using the onset time of the SSC as the temporal fiducial.
Data and Methodology
[5] Using the list of storm sudden commencements provided by the National Geophysical Data Center (NGDC), we identified the subset of these SSC that were followed by a storm that had a minimum Dst of at least À30 nT and had identifiable CRRES plasmapause data for at least two orbits before and after the SSC. Figure 1 shows Dst during the CRRES mission lifetime with solid circles plotted at the time of SSC for the intervals used in this study. The plasmapause database developed by Moldwin et al. [2002] was used in this study. The plasmapause is identified as the inner most steep density gradient that has a density decrease of at least a factor of 5 within 0.5 L. Each plasmapause was sorted by local time and the time from SSC onset. We then examined by how much the plasmapause location changed between orbits relative to the onset of the SSC. Figure 2 shows the plasmaspheric density profiles for five orbits before and after the 29 October 1990 SSC onset. Each curve shows the inferred number density for the outbound leg of CRRES orbits 231 to 235. The vertical lines show the location of the identified plasmapause for each orbit. The SSC occurred at 2011UT on 29 October 1990 (during orbit 233). For the two orbits prior to the SSC, the plasmapause moved from just inside L of 4 to near L of 5. The plasmapause was crossed around L of 5 on Orbit 233 just 40 min after the SSC. The plasmapause was crossed again at an L of 3.5 during the next orbit in the same local time sector 11 hours and 30 min after the SSC. In the next orbit, over 20 hours after the SSC, the plasmapause was at L of 5 again. These observations imply that the plasmasphere expanded by about 1.5 L over the 20 hours prior to the SSC. Following the SSC the plasmapause moved earthward by about the same amount. Within a day the plasmasphere expanded out back to its prestorm location. The LT of these plasmapause crossings were in the postmidnight to dawn sector.
[6] Figure 3 shows the response of the plasmapause during the 9 September 1991 storm. Three duskside orbits are shown immediately following the SSC. As in Figure 2 , the arrows show the location of the plasmapause for each orbit. Unlike the previous example that showed an apparent rapid inward motion of the plasmapause following the SSC, the plasmapause moves outward by approximately 1 L over the day following the storm. Note the significant density structure (plumes) observed beyond the inner most steep density gradient that developed in the aftermath of the storm (i.e., no density structure was observed beyond the plasmapause on orbit 990, whereas several dense plasmasphericlike density intervals appear at high L beyond the inner most steep density gradient during orbits 991 and 992).
[7] From intervals such as those shown in Figures 2 and 3 , we developed a database of the change in plasmapause location (ÁLpp) as a function of time since SSC (ÁTssc). We defined inward motion as negative and outward motion as positive ÁLpp. Each CRRES orbit used in this study had two plasmapause crossings at two different LT sectors, one outbound plasmapause crossing and one inbound crossing. Consecutive inbound or consecutive outbound plasmapause crossings were used to define a ÁLpp. We used the UT and LT time of the second (later in time) plasmapause crossing to determine ÁTssc and sort by local time. The difference in local time between the two plasmapause observations used to determine a particular ÁLpp were generally on the order of an hour or less.
Statistical Results
[8] Figure 4 shows the change in plasmapause location as a function of time since SSC divided into two broad local time sectors. Figure 4a shows the plasmapause crossings that occurred in the 2100 through midnight to 0900 LT sector, while Figure 4b shows the results for the 0900 through noon to 2100 LT sector. Each point represents the difference in L shell between a pair of plasmapause crossings. The time associated with each point is the time since SSC of the second plasmapause crossing. The large circles with error bars are the means of different bins. The spacing of the bins in time is not uniform but is selected to require at least 10 data points in each bin. The first bin after ÁTssc = 0 was selected to begin at ÁTssc = 1 hour to account for the response time of the plasmasphere to the SSC.
[9] Figure 4a shows that prior to an SSC the plasmasphere general grows in size but with significant scatter. After the SSC there is a decrease in the size of the plasmasphere in this local time sector of about 1 L (as is shown in the case study presented in Figure 2 ). Note the near absence of intervals of expanding plasmasphere within the first 10 hours following the storm. However, after 11 or so hours the plasmapause location begins to behave similarly to prestorm intervals.
[10] Figure 4b shows the behavior of the plasmapause in response to a storm in the noon to dusk sector. Though the scatter is more significant than in the midnight to dawn sector, the average behavior is for the plasmapause to expand following an SSC (as is shown in the case study presented in Figure 3) . From case to case the plasmapause can move significantly, either expanding or contracting.
Discussion
[11] The classic picture of plasmaspheric dynamics following a storm is that the plasmapause moves in while a drainage plume develops in the dusk sector [e.g., Chen et al., 1975; Elphic et al., 1996] . The results of this study confirms this picture but demonstrates that the midnight/ dawn-noon/dusk asymmetry in the location of the plasmapause is often accentuated in the aftermath of a storm due to the inward motion in the midnight/dawn sector and the outward motion on the noon/dusk sector. Because most of the plasmapause crossings occur while CRRES was making nearly radial cuts through the plasmasphere, we have been able to distinguish between the plumes and the inner most steep density gradient. Therefore the expansion of the plasmasphere in the noon/dusk sector appears to be due to the build up of plasma corotating into the stagnation region accompanied by the sunward drift of the plasma and the formation of the plume. Indeed, IMAGE EUV observations show that in the aftermath of several storms a stationary plume can develop in the dusk sector while other azimuthal features in the midnight-to-noon sector corotate over to the plume [Spasojevic et al., 2003] .
[12] This highly dynamic and variable behavior shown following a storm in the noon/dusk sector indicates that the duskside drainage plume plays a role in not only providing structure beyond the plasmapause but also acts to locally expand the main plasmasphere. The absence of any significant outward motion of the plasmapause within 10 hours of an SSC in the midnight/dawn sector indicates that the plasmasphere reacts quickly and relatively smoothly to enhanced convection electric fields in this region. This clear and rapid nightside plasmapause behavior has recently been observed in a storm using IMAGE EUV confirming this studies statistical result [e.g., Goldstein et al., 2003] .
Conclusions
[13] The plasmasphere in the night and dawn sector systematically responds within approximately an hour fol- lowing the onset of an SSC. In this local time sector the response is a radial inward motion of about 1 L. On the dusk side, plasmapause motion is variable but, in general, outward. These in situ observations further demonstrate the complexity of plasmaspheric behavior and indicate that storms give rise to enhanced local time asymmetries in the location of the plasmapause. A study of IMAGE EUV plasmapause locations following storms as a function of local time is planned to validate and further elucidate these findings.
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